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CHAPTER 


: must  be  completed  before 
control  can  be  developed  - 


Detailed  studies 
and  effect  a particular 

dynamic  muscle  functioning  is  necessary  for  comprehension  of 
speech  physiology  as  well  as  for  abnormal  function.  Even  wi 

unexplored. 

Study  of  muscle  function  has  been  attempted  by  use  of 

acts  by  the  use  of  a mounted  skeleton,  noticing 
directional  pull, 


and  disadvantages.  When  using  the  skeleton  and  cadaver,  it  is  not 
possible  to  determine  synergistic  action  as  movement  usually  involves 
groups  of  muscles  and  a given  muscle  may  act  with  various  others  to 

these  muscle  actions  will  necessarily  be  the  same  in  a live  subject. 
With  respect  to  electrical  stimulation,  of  course,  a known  stimulus 
may  be  applied  to  a muscle  and  Che  resultant  action  may  be  evaluated. 
However,  with  this  method,  the  muscles  to  be  examined  must  neces- 
sarily be  those  directly  beneath  the  skin;  consequently,  observation 

have  lost  the  use  of  certain  muscles,  it  is  not  possible  to  ascertain 

tional  system.  Thus  these  methods  only  provide  information  con- 
cerning what  a muscle  may  do,  not  what  it  will  do.  As  Rasch  and 


:o  perform  because  o 


e investigation  of  muscle  function  ai 


actually 


lie  directly  beneath  the  skit 

ing  the  normal  living  muscle 
a technique  tht 

analysis  of  skilled 

s use  of  surface 


f electrical 


tin  surface,  the  limitations  ol 
:hls  approach.  A second  method  of  study- 

objective  data.  Cooper  (1965) 

,s  a technique  especially  suited  to  the 
.n  general,  and  of  speech  in  partic- 
surface  electrodes,  direct  information 


limited  ti 


lie  deep  within  the  body.  Needle 


e limitations  t< 


In  addition,  the  equipment  needed  for  EMG  is  expensive,  quantification 
suming.  However,  it  appears  to  be  the  best  technique  available  for 

since  the  pioneering  work  of  Adrian  and  Bronk  (1929);  for  example, 


Inraan,  Saunders,  and  Abbott  (1944)  reported  data  on  shoulder  move- 

Slnce  that  time,  other  areas  studied  have  included  muscular  fatigue, 

utilizing  EMC:  Stetson  (1951),  Draper,  Ladefoged,  and  Whitteridge 
(1959),  Hoshlko  (1960),  and  Eblen  (1963)  have  investigated  the  function 
of  respiratory  musculature;  Fritzell  (1963)  and  Cooper  (1965) 
have  studied  velar  activity  and  Travis  (1934)  and  Williams  (1955) 

unexplored  area  is  that  of  mandibular  movement,  especially  with 


some  theoretical  disagreement  a 
examine  (in  normal  subjects)  th 


iv  depression.  Since  tl 


pertinent 

function  will 


research  related  Co  temporomandibu 

Jaw  closing  muscles,  e.g.,  the  massecer,  internal  pterygoid 

dental  researchers.  MacDougall  and  Andrew  (1953)  studying  primarily 
the  temporalis  and  massetcr  muscles  by  means  of  surface  electrodes, 

occlusion,  the  activity  was  more  or  less  equal  in  both  of  these 
muscles.  Protraction  of  the  mandible  seemed  to  show  a greater 

id  activicy  over  Che  posterior  fibers  of  Che  temporalis. 
Moyers  (1949  and  1950),  in  an  extensive  analysis  of  the  muscles 


needle  electrodes,  f 


Che  ipsilaceral 

Moreover  protraction  c 
of  both  the  pterygoid 


aandlble  was  brought 
ic  external  and  internal  pcerygoid. 


suprahyoid 


defined  by  a surface  electrode  placed  over  the  digastricus  muscle. 

He  judged  that  the  suprahyoids  ploy  an  important  role  in  stabilising 
the  hyoid  bone  to  achieve  some  of  the  more  delicately  adjusted 
but  related  action.  As  in  nearly  all  EMG  studies  these  results 
were  qualitative  and  not  quantitative.  Additionally,  Perry  and 

muscle  to  be  dominant  in  the  initiation  of  mandibular  movements, 
however,  they  did  not  test  for  suprahyoid  action.  Saril  and  Moyers 
(1950),  Jaraboh  (1954),  and  Moyers  (1950)  studying  clinical  cases 
found  these  relationships  to  be  somewhat  altered  due  to  pathology. 


(1956) , and  Morris  (1942)  among  others 
stylohyoid,  mylohyoid,  and  geniohyoid 


exts,  Gray  (1959),  Boyd 
include  the  digastricus. 


Infrahyoid  muscles . These  muscles  in  addition  to  the  external 
pterygoid  are  considered  to  play  some  part  in  jaw  depression 
although  there  is  disagreement  as  to  which  muscles  act  as  the 
primary  jaw  depressors.  Riesner  (1936)  in  a clinical  and  roent- 

external  pterygoid  achieving  lateral  movements  of  the  jaw,  and 
therefore  assumed  that  the  suprahyoid  muscles  acted  as  jaw  depres- 
sors. Van  Riper  and  Irwin  (i953)  and  Kaplan  (1960)  also  attribute 


Infrahyoid 


, in  a detailed  description 
necessary  when  mandibular 


participation  of  these  raus 

of  the  suprahyoid  musculature  therefore,  is  assumed  als 
jaw  depression.  Anatomy  texts  (Gray  1959;  Boyd  1956)  a 
the  view  that  jaw  opening  is  brought  about  by  forward  movement  frem 
the  external  pterygoids,  relative  relaxation  of  the  jaw  elevators, 
che  hyoid  bone  by  the  infrahyoid  musculature,  and 
e suprahyoid  muscles. 

Moyers  (1949)  found  that  in  mandibular  depression  Che  ex- 
ternal pterygoid  reached  its  maximum  amplitude  "some  time"  before  the 
anterior  belly  of  the  digascricus.  He  used  needle  electrodes  in 

differential  in  time.  The  total  contraction  time  of  the  digastricus 

ever,  in  isometric  mandibular  depression  the  mean  total  time  of 


contraction  was  3.98  seconds  and  for  the  digastricus  3.78  seconds. 
Moreover,  during  mandibular  depression,  spike  potentials  of  equal 
amplitude  to  those  of  Che  digastricus  were  seen  in  che  sternohyoid. 
Further,  when  using  surface  electrodes  on  the  anterior  belly  of  che 
digascricus,  Moyers  (1950)  found  electromyographic  recordings  similar 


stated  that  the  digastrlcus  demonstrated  activity  during  all 
mandibular  movements.  He  finally  reported  Importance  of  maintenance 
of  position  of  the  hyoid  bone  and  stabilization  of  the  movements  of 

role  of  digastric  during  most  mandibular  movements  is  to  stabilize 
and  govern  the  action,  not  to  Initiate  it;  to  regulate;  not  instigate." 

Contrary  to  the  above,  Lord  <1913)  and  Lord  and  Hanover 
(1937)  concluded  that  the  jaw  is  depressed  in  ordinary  mouth  open- 
ing by  the  unassisted  action  of  the  two  external  pterygoid  muscles. 

They  stated  further  that  in  forced  depression,  the  digastric 
muscles  assisted  by  preventing  excessive  tension  on  the  stylomandibular 
ligaments.  Their  conclusions  were  drawn  from  a working  model  of 
the  skull  and  mandible  which  followed,  as  nearly  as  possible,  the 
muscular  and  ligamentus  attachments  determined  from  a great  many 
dissections.  The  difficulty  in  these  procedures  have  already' been" 
discussed.  Consistent  with  Lord,  Root  (1946),  using  a different 
approach  stated: 

the  external  pterygoid  muscle  is  the  muscle  of 

mastication  that  takes  the  major  role  in  natural  opening 
of  the  mouth.  It  is  able  to  do  this  in  the  complete 
absence  of  the  other  muscles  that  are  credited  with  the 
functioning  of  the  opening  of  the  mouth. 

He  did  however,  add  that  the  inframandibular  muscles  may  compensate 
for  a non-functioning  external  pterygoid  by  producing  a forced 


condylectomy 


i.  In  one,  o bilateral  m. 
the  upper  third  of  the  posterior  portion  o: 
e removed,  leaving  the  coronoid  process  in' 


ind  palpable  evidence 
muscles  on  opening  of 
the  mouth;  he  did  not  observe  parallel  action  in  normal  individuals 
(except  for  forced  openings).  In  his  second  cose,  a self-inflicted 
gunshot  wound  to  the  patient  destroyed  the  entire  floor  of  the  mouth 
as  well  as  the  anterior  portion  of  the  mandible,  destroying  thusly 

which  remained  intact  in  spite  of  the  fact  chat  none  of  the  infra- 
mandibulor  muscles  were  functioning.  The  external  pterygoid  was  the 

muscles,  MacDougall  and  Andrew  (1953)  using  surface  electrodes  found 
that,  during  ordinary  unforced  mouth  opening,  the  greater  part  of 
the  movement  resulted  in  no  activity  beyond  the  basic  resting 
potential  in  the  supra-  and  infrahyoid  muscles.  Maximal  mouth 
opening  and  resisted  opening,  however,  were  accompanied  by  "considerable" 


From  the  material  presented  above,  it  is  apparent  that  there 
are  conflicting  opinions  regarding  the  actual  muscle  functioning  in 
the  supra-  and  infrahyoid  groups  during  mandibular  movement.  Some 


for  unopposed  jew  opening  at  least,  the  external  pterygoids  are 
the  muscles  primarily  concerned  vlth  this  movement.  They  believe 
that  while  supra-  and  infrahyoid  musculature  may  play  some  part  in 
jaw  depression,  it  is  not  even  necessary  chat  they  be  present  to 

of  the  hyoid  muscles . Moreover , they  do  concede  that  these  muscles 
may  play  a role  in  maximal  and  resisted  jaw  depression.  Other 


authors  (Moyers  1949  and  1950;  Van  Riper  and  Irwin  1958;  Kaplan 
1960),  while  not  rejecting  the  external  pterygoid  muscles  as  Jaw 
depressors,  maintain  that  both  supra-  and  infrahyoid  musculature 

contend  that  these  muscles  actively  assist  in  lowering  of  the 
mandible,  and  also  give  smoothness  in  any  action  of  the  jaw.  How- 


are  theoretical  in  nature.  Moreover,  when  more  definitive  tech- 

has  been  studied  to  draw  conclusions  on  total  hyoid  musculature. 

Van  Riper  and  Irwin  (1958)  imply  that  most  such  investigations  have 

It  is  almost  Impossible  to  be  sure  of  the  behavior 
of  a single  muscle  acting  synergically  (in  coordinated 
action)  with  a group  of  other  muscles  in  the  absence 
of  myographic  recordings  from  Che  area.  All  that  the 
anatomist  can  do  is  describe  the  possibilities  and 

Basmajian  (1962)  supports  this  contention  when  he  argues: 

" the  muscles  of  expression,  the  infrahyoid  muscles,  and  the 


vircually  virgin 


territories  for  electromyographic  exploration....."  However, 
most  studies  utilizing  EMG  techniques  have  only  incidentally 
examined  the  hyoid  muscle  groups  and  then  usually  only  with  surface 
electrodes  (Moyers  1949  and  1950;  MacDougall  and  Andrew  1953). 

Since  the  function  of  the  supra-  and  infrahyoid  muscle 
groups  in  Jaw  depression  is  not  clear,  electromyography  using  needle 
electrodes  appears  to  be  ideally  suited  investigation  of  their 
activity  related  to  jaw  opening. 


The  general  purpose  of  this  research  was  to  determine, 
through  electromyographic  recordings,  the  presence  or  absence  of 
specific  muscle  action  in  selected  acts  of  Jaw  depression  and  the 
patterns  of  such  activity  if  present.  The  study  investigated 
activity  of  the  mylohyoid,  geniohyoid,  anterior  belly  of  the  digas- 
trlcus,  and  the  sternohyoid  muscles  in  unopposed  one-quarter,  one- 
half,  maximal,  and  resisted  jaw  opening.  The  external  pterygoid 
muscle  was  not  investigated  because  it  is  relatively  inaccessible 

Specific  questions  to  be  answered  by  this  research  are: 


2.  Does  increased  muscle  action  potential  occur  as  the 
degree  of  jaw  opening  is  increased! 

during  jaw  depression? 


CHAPTER  II 
PROCEDURE 


In  order  Co  obtain  muscle  action  potentials  (MAP)  electro- 
myographically  of  the  supra-  and  Infrahyoid  muscles,  and  to  inves- 


servcd  as  subjects.  All  were  volunteers  and  had  relative  fat  free 

placement  would  be  easier  and  more  accurate.  None  of  the  subjects 
had  dental  occlusal  problems,  exhibited  any  pathology  of  speech,  or 
had  a history  of  trauma  or  operations  in  the  head  or  neck  areas. 

The  data  collected  consisted  of  muscle  action  potentials 
(MAP)  from  both  the  right  and  left  sides  of  the  geniohyoid,  mylo- 
hyoid, anterior  belly  of  the  digascricus,  and  the  sternohyoid 
muscles.  The  MAP  were  recorded  graphically  on  a Grass  Electro- 
encephalograph (EEC)  model  6-A.  The  low  linear  frequency  was  set 
at  5 and  the  upper  at  70.  An  internal  calibration  signal  of  50 
microvolts  equal  to  5 millimeters  of  amplitude  was  used  to  stand- 


A cephalostat,  a head  holding  device. 


is  described  ai 
i utilized  to  I 


subject  position;  l 

The  cephalostat  was 
built  especially  fo 

The  cephalostat  cou 


head  positioner  with  ear  and  naslon  rods,  kept 

r this  purpose.  It  was  constructed  of  1%  Inch 
raced  and  had  large  wooden  feet  for  stability. 
Ld  be  raised  or  lowered  the  appropriate  height 
was  seated  on  a standard  straight-backed  office 


chair.  The  cephalostat,  stand,  and  chair  were 
electrical  Interference. 

The  apparatus  for  applying  resistance  tc 
Figure  1)  was  built  of  wood  and  had  a base  of  1 
A lever  arm  42  Inches  In  length,  made  from  3/4 
was  supported  by  two  uprights  14  Inches  tall, 
x 1 Inch  padded  cut-out  for  the  subject's  chin 


metal  pin  was  Inserted  through  the  tube  to  the  supporting  up- 
rights. The  resulting  fulcrum  was  14%  Inches  from  the  end  of  thi 
arm  which  was  held  In  a horizontal  position  by  a wooden  bar  plsc, 
between  two  uprights  17  Inches  tall.  A one  pound  metal  weight 
was  hung  27  Inches  from  the  subject's  end  of  the  arm.  This 
distance  was  determined  by  placing  a one  pound  weight  on  the  chi 
rest  and  balancing  It  with  an  opposing  one  pound  weight  at  the 


the  Otolaryngology  Division  of  the  Department  of  Surgery  of  the 
University  of  Florida  Teaching  Hospital.  The  skin  area  of  the 
neck  and  chin  was  cleaned  with  alcohol  and  Che  electrodes  were 
inserted  bilaterally  into  the  mylohyoid,  geniohyoid,  anterior 

of  the  digastrlcus  and  the  sternohyoid  muscles,  by  placing 
jedlc  shaft  into  Che  bellies  of  the  muscles  in  the  following 


Geniohyoid:  from  a superior  to  inferior  position 


2.  Mylohyoid:  from  an  inferior  lateral  to  a superior 
lateral  position  with  the  shaft  approximately  in 


All  eight  needle  electrodes  were  held  in  place  by  3M 
Micropore  surgical  tope  number  1530.  Finally,  a clip-on  electrode 


The  experimental  conditions,  for  which  EMG  recordings  wi 
sisted  maximal  Jaw  opening.  Three  trials  were  obtained  for  eni 

chat  these  subjectively  evaluated  approximations  showed  little 
variation  from  positions  maintained  when  the  investigator  measured 

pression  for  the  resisted  movement  was  the  same  as  that  for  maximal 
unopposed  Jaw  opening.  It  was  necessary  that 


subjective  evaluations 


rigidly  controlled  but  were  rather  approximation  of  jaw  openings 
relative  to  maximal  jaw  depression.  Moreover,  it  was  not  possible 

top  the  jaw  at  a particular  point 


have  been  a true  indication  of  the  muscle  function  under  unopposed 
opening.  Each  subject  was  allowed  practice  trials  with  and  without 
electrodes  until  he  could  perform  the  experimental  tasks  to  the 
satisfaction  of  the  investigator. 


it  the  purpose  of  the 


Method 

possible,  any  fears  subjects  might  have  concerning  the 
of  needle  electrodes.  They  were  told  that  there  might 


and,  with  the  subject  in  a supine  position,  the  electrodes  were 
inserted  and  taped  in  place.  A five  to  ten  minute  rest  period  was 

procedure.  Finally,  the  clip-on  ground  electrode  was  then  attached 


Subjects  were  seated  in  the  test 

calibrated  and  the  record  was  observed  for  artifacts 
The  subject  was  then  instructed  l 


re  operating  properly.  Afti 
e experimental  procedures  wi 


ras  obtained, 


EMC  recordings  obtained  on  1 


rere  allowed  among  the  various  con- 


that  this  procedure  might  create  an  order  effect  but  such  was 


e investigator.  Replications  o 


dition  lasted  approximately  tc 
ment  was  again  calibrated  in  t 


b resisted  jaw  opening  condition; 


Analysis  of  Data 

The  raw  data,  EMG  tracings,  were  considered  in  two  ways; 

traces.  These  measures  were  specified  as  the  distance  from  the 
negative  to  the  positive  peak  within  a section  one  millimeter  in 

millimeters  per  second,  a millimeter  equalled  33  1/3  milliseconds. 


preceding  the  experimental  condition  s 

which  were  made  for  every  muscle,  for 
conditions  resulted  in  approximately  1 

to  obtain,  the  missing  data  wei 


an  of  the  amplitudes  on  each  side  of  the  missing  data  point. 


and  Essec  tracing  graph  paper  number  46-1516  which  is  marked  10  x 
by  an  x-ray  view  box,  the  graph  paper  was  overlayed  and  accurate 

muscles,  subjects,  and  replications, 
was  defined  as 


scle  firing  time 


total  firing  time  was 


•e  made  relative 


showing  activity  was  arbitrarily  assigned  a zero  and  absolute  time 
each  other  muscle. 


conditions.  It  was  not  possible  to  treat  these  data  statistically, 
therefore  descriptive  techniques  only  were  used  to  evaluate  onset 


n addition  to  the  investigator,  al 
stracted  the  data.  Independent  ra 

Intra-observer  reliability  measure  yielded  Pearson  r 
.96,  .97,  .98  again  demonstrating  satisfactory  measu) 
ment  among  observers. 


RESULTS 


This  study  Is  concerned  with  the  muscle  action  potentials 
(MAP)  of  four  bilateral  muscles:  the  geniohyoid,  anterior  belly 

of  the  dlgastricus,  mylohyoid,  and  sternohyoid.  Data  were  obtained 

opening — unopposed  one-quarter,  one-half,  maximal,  and  one  pound 
resisted  jaw  opening.  The  data  were  analysed  for  amplitude  of 
MAP,  percentage  of  total  possible  firing  time,  relative  onset  of 
muscle  firing,  and  relative  cessation  of  muscle  firing.  This  chapter 
presents  the  results  obtained  by  these  measurement  procedures. 


Amplitude 


res  reported  for  amplitude  will  be  in 


should  be  noted  that  subject  five  did  not  complete  the  resisted 
jaw  opening  condition.  Therefore,  the  data  for  amplitude  will  be 
reported  in  two  ways,  l.e.,  four  subjects,  all  conditions  and  all 

The  fundamental  purpose  of  this  investigation  was  to  de- 


for  the  four  muscles  specified.  This  question  can  be  answered  in 
the  aff inactive.  Action  potentials  for  all  experimental  conditions 
show  that  the  geniohyoid,  anterior  belly  of  digastricus,  mylohyoid, 
and  sternohyoid  are  active  in  jaw  depression.  Information  concern- 


relating  to  the  experimental  conditions  will  be  presented  first, 
followed  by  Information  on  specific  muscles. 

Since  all  subjects  performed  each  condition  three  times,  the 
effect  of  replications  on  the  experimental  conditions  was  of  Interest. 
A slight  increasing  trend  was  noted  in  MAP  means  for  replications. 
Specifically,  the  means  of  the  three  replications  for  four  subjects 


subjects  and  three  conditions  were  2.74,  2.96,  and  : 

of  muscle  action  potential  would  be  an  average  of  tl 
cations  of  each  condition.  The  following  results  w: 


The  muscle  action  potentials  were  recorded  from  both  the 
right  and  left  sides.  Analyses  of  variance  were  computed  in  order 
to  test  the  possibility  that  there  was  a side  effect.  The  P ratios 
of  0.23  for  four  subjects,  four  conditions  and  0.08  for  five 
subjects,  three  conditions  did  not  approach  significance  at  the 

The  headings  for  the  tables  and  graphs  displayed  in  this 


geniohyoid  (GH) , anterior  belly  of  the  digastrlcus  (ABD) , tnylo- 
ing  <QJO),  one-half  jaw  opening  (HJO),  maximal  Jaw  opening  (MJO), 


ic  presented  for  four  subjects,  all  conditions  and  a 


and  the  columns  present  the 
By  considering  che  group  met 

MAP.  This  relationship 


sternohyoid  for  Jaw  opening  conditions 
re  is  a corresponding  increase  of 


ariance  testing  the  significance  of  Che 


referring  again  to 


potential 


Table  2.  Means  of  muscle 


*The  critical  difference  for  evaluating  differences  among  the 
means  (relative  to  conditions)  is  0.99. 


Table  3.  Summary  cable  of  analysis  of  v 
of  relative  amplitude  of  muscle  action  potential 


Subjects 


of  relative  amplitude  of  muscle  action  potential  for  five 


Subjects 


half  does  approach  significance.  The  differences  between  either 
the  one-quarter  or  one-half  and  either  the  maximal  or  resisted  jaw 

above  may  be  seen  in  Figures  3 and  4.  The  ordinate  is  scaled  in 
units  of  relative  amplitude  and  on  the  abscissa  the  points  for  the 

can  be  noted  that  not  only  is  there  muscle  action  potential  for 
all  conditions,  but  also  in  one-quarter,  one-half,  and  maximal  jaw 

maximal  and  resisted  jaw  depression.  In  sunmary,  it  is  apparent 

in  the  Tables,  that  muscle  action  potential  (MAP)  does  occur  in 
all  the  Investigated  degrees  of  jaw  opening  and  that  there  is  a 

It  has  been  stated  previously  that  no  trend  among  muscles 
could  be  observed.  In  order  to  evaluate  any  possible  differential 
among  them  for  differing  amounts  of  jaw  depression,  the  graphs 
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muscles  for  five  subjects. 


potential 


of  Figures  5 and  G were  constructed.  Relative  amplitude  is  displayed 

jaw  opening.  The  average  amplitude  of  MAP  for  each  muscle  regarding 

that  the  mean  amplitude  for  the  four  muscles  are  quite  similar  in 
one-quarter  jaw  depression,  but  the  variation  becomes  greater  as 

accelerated  increase  of  MAP  among  these  conditions,  while  the 
relative  leveling  between  maximal  and  resisted  jaw  depression 

cepe  for  resisted  jaw  opening,  but  these  differences  are  more 
three  condition  analysis)  has  essentially  the  same  configuration 

the  F ratios  obtained  to  test  differences  among  the  means  for  the 
observation  that  no  significant  differences  exist  among  the 

It  must  be  concluded  that  the  geniohyoid,  anterior  belly  of  digastricus. 
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Figure  5.  Relative  amplitude  of  muscle  action 
potential  of  muscles  by  conditions  for  four  subjects. 


Figure  6.  Relative  amplitude  of  muscle  action 
potential  of  muscles  by  conditions  for  five  subjects. 


for  different  degrees  of  jaw  depression. 

Variability  in  the  means  of  the  action  potential  among 
Che  muscles  was  expected  because  of  differing  subject  size  and 
the  conditions  under  which  muscle  function  was  sampled.  Table  5 pre- 


imental  conditions.  It  can  be  noted  chat  there 
subject  variation.  Moreover,  inspection  of  Che 

did  not  register  an  action  potential  from  at  lei 
muscle.  For  example,  subject  five  showed  no  mui 
for  both  the  anterior  belly  of  the  digascricus, 
muscles.  This  relationship  results  in  smaller  r 

especially.  It  is  to  be  noted  that  subject  two 

subjects.  This  individual  had  served  as  a subject  in  other 
investigations  of  this  type  and  may  have  been  more  relaxed  during 

the  subjects  was  observed.  However,  it  was  not  felt  to  detract 
from  the  overall  results  of  greater  MAP  being  associated  with 
,n  jaw  depression,  or  the  lack  of  any  differential 


d the  mylohyoid 


calculated.  Ol 


(in  percent)  of  firing  time  for 


>tal  firing  time  gave  deviation 

'or  purposes  of  discussion, 
il  possible  firing  time. 


The  analysis  of  duration  was  carried  out  in  the  same  manner 
as  was  that  for  amplitude.  The  overall  means  of  total  firing  time 
for  replications  were  very  similar  81.69,  81.40,  and  83.41  for 

76.24  for  the  five  subject,  three  condition  analysis.  Accordingly, 
it  seemed  feasible  to  average  the  data  for  replications.  In  the 
presentation  of  the  following  results,  data  will  be  considered  in 
respect  to  results  obtained  for  conditions,  followed  by  results 
obtained  for  muscles. 

As  with  amplitude,  it  was  of  particular  interest  to  deter- 
percentage  of  total  possible  firing  time  obtained  by  grouping 


Tables  8 and  9 present  the  results  of  analyses  of  variance 
above.  Both  of  the  F's  obtained  for  conditions  (10.81  and  16.84) 

each  instance  the  only  significant  difference  is  between  the  value 
apparent  that  as  degree  of  jaw  depression  increases  the  percentage 

percentage  of  total  possible  firing  time  related  to  conditions. 


Table  6.  Keans  of  percentage  of  total  possible  firing 
time  of  conditions  by  muscles  for  four  subjects. 


Table  7.  Means  of  percentage  of  total  possible  firing 
time  of  conditions  by  muscles  for  five  subjects. 


Summary  cable  of  analysis  of  variance  of  measures 
cal  possible  firing  cime  for  four  subjeccs,  four 


Condicions  (C) 
Muscles  (M) 
Subjeccs  (S) 


Table  9.  Summary  cable  of  analysis  of  variance  of  measures 
of  percencage  of  cocal  possible  firing  cime  for  five  subjeccs,  chree 
condicions. 


Condicions  (C) 


However,  chis  effect  is  more  marked  between  the  one-quarter  and  the 
other  jaw  opening  conditions  and  is  little  difference  between  maximal 

similar  except  one-quarter  jaw  opening  shows  a more  decided  dip 

possible  firing  time,  as  shown  in  Tables  8 and  9,  are  not  statistically 
significant  at  Che  .05  level.  (They  are  0.35  and  0.39  respectively) 

10.  The  ordinates  show  percentage  of  total  possible  firing  time 

conditions;  each  line  of  the  graph  represents  a different  muscle 

this  is  not  statistically  significant.  The  sharply  rising  slope 
that  they  do  not  act  differentially  to  effect  jaw  depression.  In 
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Figure  9.  Percentage  of  total  possible  firing 
times  of  muscles  by  conditions  for  four  subjects. 


conditions 


of  percentage  of 
for  five  subjects 


Subjects 


comparable 


rive  onset  of  muscle  firing  was  investigated  to 
n order  effect  among  muscle  firing  could  be  observed. 

first  muscle  that  fired  for  chat  trial.  This  muscle  was  arbitrarily 

other  muscle  from  chat  point  to  the  point  by  which  the  muscle 
began  Co  fire.  In  Table  11  are  contained  the  means  of  the  measures 

lat  is  for  all  conditions, 

>r  resisted  jaw  opening  N-24 
condition.  Reduction  of  these 

Absence  of  firing 
occurred  most  frequently  in  the  one-quarter  jaw  opening  and 
primarily  in  Che  anterior  belly  of  the  digastricus  and  the  mylo- 

The  means  of  onset  of  muscle  firing  seen  in  Table  11  give 
if  delay  in  firing  times  for  certain  muscles.  It 
isrter  jaw  opening  that  the  stornohyoid  muscle 
e average)  by  about  500  milliseconds  while  the 


be  noticed  that  these  N's  differ. 

as  one  subject  did  not  complete  t 
values  reflects  the  fact  chat  in 


of  firing 


opening  there  is  a difference  of  only  32  milliseconds  between  the 
first  muscle  to  fire,  Che  geniohyoid,  end  the  last,  the  anterior 

means  show  still  more  divergent  patterns.  Inspection  of  Che  EMG 


tracings  revealed  that  evei 


is  considerable  variability  in  the 
;he  onset  time  of  firing. 

ic  it  appears  that  the  geniohyoid 


;t  and  the  sternohyoid  last.  However, 


varied  from  being  the  first  to  fire  to  being  Che  last  to  fire.  The 
above  statements  are  highlighted  by  the  data  displayed  in  Table  13. 
The  range  of  onset  of  firing  time  in  milliseconds  is  presented 

trial  to  trial,  condition  to  condition,  and  muscle  to  muscle.  Tnere- 


respect  to  the  first  muscle  that  stopped  firing  during  any  g: 


of  MAP  individually 


As  with  the  measures  obtained  for  onset,  the  data  on  cessation 
no  MAPs  were  observed  during  some  trials. 

not  as  readily  observable  for  the  other  three  experimental  conditions 

based  on  Table  14.  It  may  be  seen  that  the  sternohyoid  muscle  is 

first.  Moreover,  there  is  variation  in  the  order  of  firing 
cessation  for  the  geniohyoid  and  anterior  belly  of  digestricus. 

the  range  of  cessation  of  firing  time  for  the  muscles  by  conditions 


Table  15.  Rank  order  of  cessation  of  firing  cine 
of  muscles  by  condition. 


firing  for  Che  muscles. 


DISCUSSION 


A major  finding  of  this  investigation  is  that  the  genio- 
hyoid, anterior  belly  of  the  digastricus,  mylohyoid,  and  sterno- 
hyoid muscles  are  active  during  jaw  depression.  The  action 
potentials  consistently  demonstrated  that  these  muscles  do  function, 
at  least,  in  the  four  conditions  of  jaw  depression  that  were  investi- 
gated. This  finding  is  in  contradiction  to  statements  by  Lord  (1913), 
Lord  and  Hanover  (1937),  and  Root  (1946),  that  these  muscles  do 

Moyers'  (1950)  observation  concerning  function  of  the  digastricus. 
While  all  subjects  did  not  register  MAP  in  all  muscles  during  the 
minimal  condition  of  one-quartet  Jaw  opening,  a general  trend  of 
increasing  amplitude  was  noted.  It  is  probable  that  the  action  or 

It  is  also  possible  that,  for  minimal  jaw  opening,  relaxation  of  the 
:h  gravitational  pull,  is  sufficient  to 
:tle  assistance  from  suprahyoid  musculature. 

le-half  jaw  depression.  This  would  further 
a muscle  in  one-quarter  jaw  opening  is 


The  amplitude  of  MAP  in  ■ 


influenced  by  a variety  of  factors.  In  addition  to  the  fact  that 
all  muscles  do  not  act  in  one-quarter  jav  opening,  the  muscles  that 
do  fire  exhibit  some  variability  from  subject  to  subject.  In  any 

between  degree  of  jaw  opening  and  amplitude  of  MAP;  i.e.,  as  the 
as  well.  This  finding  agrees  with  the  observation  of  MacDougall  and 

jaw  opening.  This  increase  in  MAP  related  to  wider  excursions  of 

explanation  agrees  with  that  of  Morris  and  Gasteiger  (1955)  who 
excitation  and  tension  during  isometric  contractions  of  normal  mus- 


During  each  experimental  condition  the  amplitude  of  MAP  was 
similar  for  all  muscles  indicating  that  they  act  as  a group  to 

not  function  in  tandem  there  would  be  on  unequal  pull  on  the  mandible 


hypertrophic  condition  would  result.  This  was  not  the  cose.  The 
smoothness  and  refinement  of  movement  as  Moyers  (1950)  has  demon- 


csnnoc  be  assessed  from  this  investigation,  the  lower  amplitude 
function  between  the  supra-  and  infrahyoid  groups.  It  is  also 
infrahyoid  muscles. 

tude  of  Map  are  those  relative  to  duration.  Duration  of  muscle 

maintain  these  extreme  positions.  It  is  probable  also  that  unless 

antagonistic  muscles  would  act  to  close  the  mouth.  The  durational 
means  of  one-quarter,  and  to  a less  extent  one-half  jaw  depression, 
were  accompanied  by  individual  differences  among  subjects.  The 
variability  of  firing  time  duration  perhaps  is  a correlate  of 
Mitalo's  finding,  cited  in  Basmajian  (1962),  that  greater  efficiency 


average  duration  of  potentials, 
reduced  mean  duration  time  might  indicate  a reduced  effect  of  the 
muscle  in  a specific  act;  e.g.,  functioning  that  is  just  sufficient 
to  accomplish  the  movement  for  the  individual. 

.n  duration  of  firing  of  the  muscles  was 

iner  with  respect  to  jaw  depression.  If  this  were 

be  somewhat  difficult  to  specify.  The  lack  of  any  difference  in 
duration  of  firing  between  the  right  and  left  sides  of  the  muscles 
investigated  Indicates  again,  as  with  amplitude,  that  these  muscles 

Jaw  depression.  This  relationship  would  most  probably  be  altered 

firing  was  not  observed  although  any  such  trends  may  have  been 
obscured  by  subjecc  and  replication  variability.  The  only  trend 
noted  was  chat  the  sternohyoid  usually  began  last  and  ended  last. 
This  could  indicate  an  anchoring  function  of  the  sternohyoid  and 
possibly  the  infrahyoid  in  general.  If  the  suprahyoids  do  lead 
in  activating,  their  initial  pull  on  the  hyoid  may  act  as  the 

versely,  if  they  scop  first,  Che  infrahyoids  may  continue  to 


e activity  of  the  muscles  investi- 


It  might  be  argued  the! 
jaw  elevators  are  activated,  ! 

the  muscles  did  not  revert  iusoediately  to  a resting  state.  Activ- 
ity, though  diminished,  continued  even  after  the  jaw  was  closed. 

This  was  especially  evident  in  maximal  opening.  One  explanation 

tension  for  a period  of  time,  immediate  relaxation  was  not  possible. 
The  effects  of  fatigue  are  complex  and  have  numerous  components  that 
cannot  be  explained  from  the  results  of  this  study. 

In  summary,  this  investigation  has  demonstrated  that  the 

amplitude,  and  firing  time  as  degree  of  jaw  opening  increases,  but 
show  no  discernable  d: 


IQ  CONCLUSIONS 


presence  or  absence  of  specific  action  of  the  geniohyoid, 

muscle  action  potentials  were  obtained  electromyographically  using 
one-quarter,  one-half,  maximal,  and  resisted  jaw  depression. 


from  the  electromyographic  tracings.  Amplitude  was  defined  as  the 
The  percentage  of  total  possible  firing  time  was  derived  as  a ratio 

during  each  33  millisecond  period  and  then  averaging  these  values 
over  a 200  millisecond  period.  Data  on  duration  were  obtained  by 


muscles  studied  arc  active  in  jaw  depression.  Moreover,  the  fol- 
lowing specific  conclusions  seem  justified. 

In  addition,  duration  of  firing  increases  systematically  also. 

Finally,  there  does  not  appear  to  be  a differencial  action 
among  any  of  the  muscles  studied  with  respect  to  the  experimental 
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